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ABSTRACT 



Disclosed is a system for providing broader bandwidth in 
microprocessor bus, board and system designs. Broader 
bandwidth is achieved by dividing the full spectrum of 
frequencies available into discrete bandwidth packages, 
much like radio communications. The system includes a bus 
that is controlled by a traffic controller that polls for com- 
munication requests on the bus and then allocates bandwidth 
among the devices submitting such requests. 

15 Claims, 4 Drawing Sheets 
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RADIO FREQUENCY BUS FOR 
BROADBAND MICROPROCESSOR 
COMMUNICATIONS 

BACKGROUND OF THE INVENTION 5 

1. Technical Field 

The present invention relates to communications systems 
and more particularly to a radio frequency bus for broadband 
microprocessor communications. 10 

2. Related Art 

The limitations associated with high speed communica- 
tions at the microprocessor bus level represent one of the 
biggest challenges the computer industry faces as it enters 
the twenty first century. Performance improvements in com- 15 
puter bus, board and system designs have been, and will 
continue to be, far outpaced by the microprocessor itself. 
Thus, while the microprocessor is processing data at higher 
and higher rates of speed, the flow of information to nearby 
devices (such as memory, hard drives, etc.) is being limited 20 
by the speed with which the system bus operates. 

Performance improvements in microprocessor design 
include advances in silicon technology, enhanced levels of 
integration and the introduction of parallel execution. In 
contrast, board design advances have been limited due to the 25 
relatively fixed physical dimensions of the board, box, 
pluggable sockets and bus. In addition, advances in board 
design have been severely hampered by the requirement of 
"pluggable options," such as memory devices, modems, 
graphics cards, etc. that must plug into relatively standard- 30 
ized slots. Moreover, because board designers do not know 
what devices the bus will eventually service, the bus repre- 
sents a transmission line system that can not be properly 
terminated or even easily characterized. 

Past attempts to increase bus performance by operating at 35 
higher frequencies have resulted in degraded communica- 
tions plagued with multiple reflections and resonances that 
corrupt the data being transferred. Such problems have only 
been solved by restricting the pluggable options irj order to 
make the transmission lines better behaved. 

Furthermore, while it is possible to increase bandwidth 
within the microprocessor by making the communication 
bus wider (e.g., by adding a few thousand more wires), the 
solution is impractical outside of the processor where system 45 
boards and pluggable slots are of a finite dimension. Thus, 
a need exists for an improved transmission line system to 
handle advances in microprocessor performance. 

SUMMARY OF THE INVENTION 

50 

The present invention provides an improved transmission 
line system for computer system bus communications. The 
invention seeks to utilize a frequency division multiplexing 
system to allow for parallel communications over discrete 
frequency bands along the wiring that makes up the system 55 
bus. By dividing the frequency spectrum into individual 
bandwidth packets, many different "parallel" communica- 
tions can occur at the same time. 

A preferred embodiment of this invention includes a bus 
coupled to a plurality of sending and receiving nodes 60 
(devices). The plurality of sending nodes include means for 
sending signals over any of a predetermined set of frequency 
bands and the plurality of receiving nodes include means for 
receiving signals over any of the same predetermined set of 
frequency bands. The invention further includes a traffic 65 
controller coupled to the bus. The traffic controller includes 
means for receiving communication requests from the send- 



2 

ing nodes and means for dynamically assigning frequency 
bands to the sending and receiving nodes as needed to 
handle their requests. 

In addition, the traffic controller may include a polling 
system for detecting communication requests either over a 
dedicated frequency band or dedicated set of wires, and the 
sending nodes would likewise include means for sending the 
requests. In addition to communication requests, the sending 
nodes would also include means for sending transfer char- 
acteristic data over a sub-carrier frequency associated with 
the particular frequency band being used. Each of the 
receiving nodes would include means for receiving the 
transfer characteristic data for processing the incoming 
signals (e.g., adjusting the input gain and setting the thresh- 
old level). 

The traffic controller further includes means for arbitrat- 
ing the communication requests, means for dynamically 
assigning bandwidth for the devices requesting bandwidth, 
and means for instructing the respective devices to use their 
assigned bandwidth. 

Finally, the system may include a dissipative resistance 
device coupled to every wire of the bus to improve the 
individual transfer characteristics for each frequency band 
being used. 

It is therefore an advantage of the present invention to 
provide broader bandwith for microprocessor bus commu- 
nications. 

It is therefore a further advantage of the present invention 
to provide a plurality of frequency bands over a single bus 
for parallel communications. 

It is therefore a further advantage of the present invention 
to provide a traffic controller for dynamically allocating 
bandwidth amongst two or more communication paths. 

It is therefore a further advantage of the present invention 
to provide a microprocessor bus system that will not restrict 
pluggable devices. 

It is therefore a further advantage of the present invention 
to provide a communication system wherein the entire 
bandwidth of the system board bus is always available for 
some form of shared use such that a single slow user cannot 
tie up the entire system bus. 

The foregoing and other objects, features and advantages 
of the invention will be more apparent from the following 
more particular description of the preferred embodiments of 
the invention as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred exemplary embodiment of the present 
invention will hereinafter be described in conjunction with 
the appended drawings, where like designations denote like 
elements and: 

FIG. 1 depicts a microprocessor bus communication 
system in accordance with a preferred embodiment of the 
present invention. 

FIG. 2 depicts a traffic controller and the communication 
paths between two devices in accordance with a preferred 
embodiment of the present invention. 

FIG. 3 depicts a frequency spectrum showing a plurality 
of frequency bands in accordance with a preferred embodi- 
ment of the present invention. 

FIG. 4 depicts an arbitrary transfer characteristic of a 
signal across an entire frequency spectrum for a hypothetical 
communication path. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring now to FIG. 1, a microprocessor based com- 
munication system 10 is shown. The system 10 includes a 
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bus 12 that is shared by numerous devices, such as CPU 
devices 18, memory devices 22, and I/O devices 20. Each of 
these devices include means for sending and/or receiving 
data over any one of a plurality of frequency bands thereby 
making it possible to have simultaneous communications 
over bus 12. For instance, CPU 2 may be transmitting data 
to MEM 1 at the same time that I/O device 1 is transmitting 
data to CPU 1. 

The system is regulated by traffic controller 14, which 



wide bandwidth to its main memory. The decision-making 
process for allocating bandwidth may include any heuristic 
suitable for optimizing performance. 

As noted, the traffic controller may include either dedi- 
cated wires or a dedicated portion of the total bandwidth 
(e.g., the N+l frequency band) for polling the devices 
sharing the bus and for communicating the allocation of 
bandwidth back to the devices. If an inactive device desires 
future bandwidth, the traffic controller can determine how 



determines what frequency bands will be utilized for any of 10 much bandwidth is available and therefore determine which 



the requested communications. Finally, the system includes 
a dissipative resistance 16 on each wire of the bus for 
maintaining a well behaved system. It should be recognized 
that FIG. 1 merely represents one possible transmission line 
communication scheme. It is envisioned that the present 
invention may be applicable to any system wherein multiple 
devices share a single bus and require simultaneous com- 
munication amongst each other. 

Referring now to FIG. 2, a simplified system is shown 
depicting devices 24 and 26, bus 28, and traffic controller 30. 
This figure depicts the basic components of a system for 
allowing communications between device 1 and device 2. 
Device 1 and device 2 are each shown containing a sending 
system and a receiving system for sending and receiving 
data, as will typically be the case for devices sharing a bus. 
In addition, both devices are equipped with a modulation 
system for altering the frequency at which communications 
are sent and received. When device 1 wants to send data to 
device 2, it first signals the traffic controller 30 that these 
devices require use of the bus 28. Pursuant to this 
embodiment, a communications request is forwarded over a 
dedication frequency band. It can be seen that bus 28 is 
divided into N+l frequency bands with the Nth+1 frequency 
band dedicated to the traffic controller for the sending and 
receiving of communication requests. It should be noted that 
a dedicated wire or some other means could also be used to 
transmit such requests. 

Traffic controller 30 includes a polling system that listens 
to all of the devices on the bus to determine which devices 
at any given time require bandwidth. As requests are made, 
the traffic controller 30 utilizes an arbitration and assignment 
system to dynamically assign frequency bands to devices 
requesting use of the bus. In this case, where device 1 wants 
to send data to device 2, the traffic controller receives the 
request via the polling system and then, based on various 
criteria, assigns a particular bandwidth to that communica- 
tion by informing both the sending device 24 and the 
receiving device 26 of the selected bandwidth for their 
communication. 

For example, the traffic controller 30 may instruct device 
1 to utilize frequency band 1 for its communication with 
device 2. Device 1 would utilize its modulation system to 
modulate the communication to the proper frequency and 
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portion of the bandwidth to assign to the requesting device. 

All of the devices utilized within this system may include 
means for recognizing and acknowledging their assigned 
bandwidth. This may be done with the modulation system in 
devices 24, 26 or any other readily available means. It is also 
envisioned that the traffic controller will include the ability 
to dynamically reallocate existing bandwidth assignments 
on the fly. This could readily be accomplished as above by 
retransmitting the assignments and monitoring the request 
lines for acknowledgment. Moreover, an ability would exist 
for load leveling based upon need and communication 
priority protocols. 

Referring now to FIG. 3, a frequency spectrum is shown 
broken up into N+l frequency bands. It can be seen that 
frequency bands 1 through N are utilized to transmit data 
packets between various devices sharing the bus. Frequency 
band N+l, which may be smaller than the other packets, is 
utilized to communicate data 38 to and from the traffic 
controller. For spectrum efficiency reasons, the transmis- 
sions are assumed to be single sideband, much like televi- 
sion. The carrier will typically not be suppressed for reasons 
of network characterization. 

It can be seen that in addition to the data being carried 
over the frequency bands 34, a subcarrier 36 is also included 
wherein each subcarrier has its own single sideband and 
associated packets of information. The amplitude informa- 
tion of each subcarrier characterizes the transfer path for its 
associated single side band. This information can be used by 
the receiving nodes to properly adjust the input gain and set 
the threshold levels within the receiver. 

FIG. 4 illustrates an arbitrary transfer characteristic for an 
entire frequency spectrum. It can be seen that if data were to 
be sent serially at a high rate of speed over this transmission 
45 line there would be serious reflections and detecting binary 
levels would be problematic. However, when the frequency 
bands are broken up into smaller ranges 42, the transfer 
characteristics for each small range, below a maximum 
frequency 44, looks much more uniform and well behaved. 
Thus, the transfer characteristic between two devices on a 
system bus will be a function of the frequency selected, the 
position of the two devices on the bus and the other 
pluggable options actually in use at a given time. 

In operation, the receiving nodes will receive both the 
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then use its sending system to deliver that data across the bus 55 sideband information and the subcarrier. Because the sub- 

at the predetermined frequency range. On the receiving end, carrier is not suppressed, the receiver can determine the 

device 2, also having been informed of the chosen frequency transfer characteristics from the relative amplitude of the 

band, would then demodulate the communication for use by carrier. The receiver can then use this information to adjust 

device 2. the input gain and set the thresholds for the incoming binary 

It can be seen that this single communication may require 60 data (i.e., the ones and zeros). Thus, the discrimination level 



only a fraction of the entire bandwidth available. Thus, 
simultaneous, parallel communications may occur over the 
same bus. The traffic controller may assign the entire band- 
width to one high priority communication path, or it might 
assign only a small portion of the total bandwidth to a slow 65 
input/output mode and divide the remaining bandwidth 
between two microprocessor nodes, each of which needs 



reflects the actual path the signals have taken and the relative 
attenuation or gain that the signals actually experience 
through that path. As a further refinement, two adjacent 
carriers can be used to interpolate the transfer characteristics 
for the intervening frequencies. 

Because the incoming signal goes through a variable gain 
amplifier and its amplitude is set prior to signal detection, 
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the communication signals of ones and zeros need not be 
"rail to rail" (i.e., binary data need not be in the exact form 
of 0 or 5 volts, but rather could exist at different signal 
levels). Communication signals on the order of 100 milli- 
volts are anticipated for reasons of minimizing power dis- 
sipation. Because radio techniques are being utilized over 
short wires, the dynamic range of signals which must be 
received, amplified, level set and then detected is far smaller 
than the dynamic range of signals normally encountered in 
conventional radio applications. Finally, because data could 
be sent relatively slowly (e.g., 50 MHZ), synchronization 
and data skew should not be problematic. 

While the invention has been particularly shown and 
described with reference for a few preferred exemplary 
embodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may be 
made therein without departing from the spirit and the scope 
of the invention. 

We claim: 

1. A microprocessor communication system comprising: 
a microprocessor bus having a frequency bandwidth 

selectively subdivided into a plurality of frequency 
bands; 

a plurality of nodes coupled to said bus, wherein at least 
one of said nodes is a central processing unit (CPU), 
and wherein at least one of said nodes includes a 
sending system for sending signals over said plurality 
of frequency bands, and at least one of said nodes 
includes a receiving system for receiving signals over 
said plurality of frequency bands; and 

a traffic controller coupled to said bus, said traffic con- 
troller including a system for dynamically assigning 
said frequency bands to each of said sending and 
receiving systems. 

2. The communication system of claim 1 wherein said 
traffic controller further includes a mechanism for receiving 
communication requests from any of said plurality of nodes 
having sending systems. 

3. The communication system of claim 2 wherein said 
traffic controller further includes a mechanism for arbitrating 
said communication requests. 

4. The communication system of claim 2 wherein one of 
said plurality of frequency bands is dedicated to carrying 
said communication requests. 

5. The communication system of claim 2 wherein said 
system for receiving communication requests by the traffic 
controller includes a polling system. 

6. The communication system of claim 1 wherein at least 
one of said plurality of frequency bands includes a sub- 
carrier frequency for determining transfer characteristic 
data. 
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7. The communication system of claim 6 wherein at least 
one of said receiving systems includes a mechanism for 
receiving and analyzing transmission path characteristic 
data being transferred on said sub-carrier frequency. 

8. A transmission line system comprising: 
a plurality of sending nodes wherein each sending node 

includes means for sending signals over a plurality of 
frequency bands, wherein one of the sending nodes is 
a central processing unit (CPU); 
a plurality of receiving nodes wherein each receiving 
node includes means for receiving signals over said 
plurality of frequency bands; 
a microprocessor bus coupled to said plurality of sending 
and receiving nodes, said microprocessor bus having a 
plurality of wires and sufficient bandwidth to support 
said plurality of frequency bands; and 
a traffic controller coupled to said bus, said traffic con- 
troller including means for receiving communication 
requests from each of said plurality of sending nodes 
and means for dynamically assigning frequency bands 
to each of said sending and receiving nodes. 

9. The transmission line system of claim 8 wherein said 
25 traffic controller includes a polling system for detecting 

communication requests over a dedicated frequency band. 

10. The transmission line system of claim 9 wherein said 
plurality of sending nodes include means for sending com- 
munication requests over said dedicated frequency band. 

11. The transmission line system of claim 8 wherein said 
plurality of sending nodes include means for sending trans- 
mission path transfer characteristic data over a plurality of 
sub-carrier frequencies corresponding to each of said plu- 
rality of frequency bands. 

12. The transmission line system of claim 8 wherein said 
plurality of receiving nodes include means for receiving 
transmission path transfer characteristic data over said plu- 
rality of sub-carrier frequencies corresponding to each of 
said plurality of frequency bands. 

13. The transmission line system of claim 12 wherein said 
plurality of receiving nodes include means for interpreting 
transmission path transfer characteristic data and means for 
adjusting an input gain and setting a threshold level. 

14. The transmission line system of claim 8 wherein said 
45 traffic controller includes a polling system for detecting 

communication requests over a dedicated set of wires. 

15. The transmission line system of claim 8 further 
comprising a dissipative element connected to said bus. 
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